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Abstract 
For energy detection in a cognitive radio (CR) system, the spectrum sensing time required to successfully detect a primary 
user (PU) is inversely proportional to the PU’s signal strength. When the PU operates in low-SNR regime, the effective 
transmission time of the CR system with a fixed transmission window can be extremely short for the CR system to fully 
utilize the spectrum. This paper presents a sensing time optimization algorithm aiming at maximizing the spectral 
efficiency of the Ultra Wideband (UWB) based CR system by finding the optimal tradeoff between the length of the 
sensing window and the detection probability in low-SNR regime. Compared with the time fixed sensing methods, the 
optimization algorithm can produce a significantly longer transmission time for the UWB based CR system to effectively 
utilize the detected spectrum band while guaranteeing protection to the PUs. 
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1. Introduction 
Ultra Wideband (UWB) operates in a spectrum overlapped with wireless systems with higher access 
priority. The UWB’s transmit power is required to be no greater than -41.3 dBm per MHz to protect the 
primary users (PUs) from being interfered [1], which may lead to low spectrum efficiency (SE) because the 
overlapped spectrum is underutilized by the PUs [2]. To enhance the SE, UWB system can integrate cognitive 
radio (CR) technology to opportunistically access the PU’s spectrum based on the sensing results [3].  
Since the characteristics of the PUs’ signal are generally unknown in practice, energy detection is generally 
applied to the availability verification of the overlapped spectrum by non-coherent detection method, which 
requires the use of the Fourier transform engine [4]. Thus, the UWB system based on the orthogonal 
frequency division multiplexing (OFDM) scheme can utilize the energy detection technique to sense the 
spectrum. For a successful detection of the PUs in the overlapped spectrum, the required spectrum sensing 
time of the UWB’s energy detector can be determined by the PU’s signal to noise ratio (SNR) and the 
probability of detection/false alarm thresholds. For a transmission window fixed UWB system [5], the 
duration of the sensing time can determine the effective transmission time, which can significantly affect the 
system’s SE. An excessive sensing time can meet the PUs’ protection requirement but can result in an 
inadequate effective transmission time which can limit the CR-UWB’s use of the spectrum. In the paper, we 
propose a sensing time optimization algorithm aimed at finding the tradeoff optimality of the sensing time and 
the sensing performance which includes the probability of false alarm (PFA) and the probability of detection 
(PD) while PUs operate in low SNR regime. By defining the optimized time length for sensing, the proportion 
between the CR-UWB’s effective transmission time to the whole transmission window can be maximized, 
which enables the fully utilization of the overlapped spectrum with a certain type of transmission scheme 
while guaranteeing the PUs’ operation. Then, the SE of the overlapped spectrum can be maximized.  
For sensing time optimization algorithm, the basic principles are set up by the work in [6][7]. Authors in [6] 
used Lagrange dual optimization method to optimize the scheme of power distribution scheme and the 
spectrum sensing in term of the sensing window length so as to optimize the CR system's throughput. The 
iterations required for finding the values of the two Lagrange multipliers is significantly high. In [8], the 
authors used Taylor approximation to find the relationship between the PFA and PD, and minimized the CR 
system's overall outage probability by optimizing the sensing time with linear programming algorithm [9]. 
The algorithm cannot be used in low PU SNR regime, otherwise the resulted sensing time would be 
considerable. In this work, we model the SE optimization problem into a convex optimization problem. The 
constraints lie in CR-UWB’s PD and PFA, and the decision variable is the system’s energy detector’s sensing 
time. The optimization problem is solved by using linear programming algorithm, and the transmission 
scheme used in the effective transmission window is assumed to be discrete water-filling based algorithm [10]. 
2. System Model  
In the work, the overlay spectrum sharing approach is used. We assume that an ideal notch filter is applied, 
thus the CR-UWB’s sideband interference to the PUs can be neglected.   
Thus, the problem of maximizing the system’s SE can be formulated as: 
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where effB  denotes the number of bits transmitted during CR-UWB’s access to the overlapped spectrum, 
B  represents the theoretical transmit bit number when the CR-UWB has full access to the overlapped 
spectrum, opT  is the pre-defined transmission window, s  represents the sensing time, fP  is the PFA, and 
1( )P H  represents the probability that one PU activates during opT  in the PU’s spectrum. The probability that 
one PU is activated during opT is assumed to follow a Poisson process [11] and is computed 
by 1
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!
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H , where x  denotes the expected number of occurrences during the period of t . 
In the constraints, dP  denotes the value of PD, p  represents the received PU signal’s SNR in the CR-
UWB side, sf  denotes the UWB system’s sampling rate, and fP  and dP  represent the target PFA and PD, 
respectively. Furthermore, 
21( )
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yQ x exp dy  is the one-dimensional Gaussian Q-function [12]. 
Note fP , dP  and s are related by [3] 
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and B  is not affected by s  , the objective function P1 can be equivalent to 
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Assuming the PUs are WiMAX based incumbent systems, Fig. 1 illustrates that the CR-UWB’s SE grows 
exponentially with the increase in s  and reaches an optimum at a certain time spot. As the value of s  grows 
beyond the optimal time spot, the SE decreases monotonically because the effective transmission time, 
op sT  is shortened. Fig. 1 indicates that an optimal s  exists under specific dP  and p values. 
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Fig. 1: the maximum SE versus the sensing time in UWB channel model 1 (CM1) 
3. Sensing Time Optimization Algorithm  
Constrained by dP , the optimized value of s  can be given by using linear programming method to find 
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Nevertheless, identifying the optimal s  in closed form is significantly complex. Hence, the numerical 
method is used to approximate the optimal s . 
4. Numerical Results  
The numerical simulation is carried out in CM1 which represent a line-of-sight UWB channel. When the 
spectrum hole is detected by the CR-UWB, the CR-UWB will apply the discrete water-filling based algorithm 
within the effective transmission time to achieve the maximum SE value. Furthermore, for the behavior of 
PUs in the overlapped spectrum,  is set to 1000/s (i.e., one thousand times per second). 
The result compares the SE achieved using the fixed sensing time with the SE reached by using the sensing 
time optimization method. Fig. 2 shows that the proposed spectrum  
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Fig. 2: the optimized SE versus p  in CM1 
sensing algorithm increases the SE significantly, especially in low SNR regime of the PU. Note that when 
p  is -19 dB, the system’s SE is twice of the SE achieved with the fixed sensing time algorithm. With the 
increase of p , the two line’s gap decreases in an exponential manner. When PU operates with a high SNR 
(i.e., -10 dB), the gap is minor because the large p  results in a small s  for a pre-defined dP . 
5. Conclusion  
In this paper, a new sensing time optimization algorithm for SE maximization is proposed for the OFDM 
based CR-UWB operating in a low PU SNR regime. The proposed algorithm is developed based on the 
energy detection method and can find the optimal length of the sensing time through numerical method, 
which can maximize the effective transmission time for the transmission window fixed CR-UWB constrained 
by the target PD and PFA. By combining the proposed algorithm with the existed spectrum sharing and 
management algorithm, the CR-UWB SE is considerably improved compared with the sensing time fixed 
sensing algorithm. 
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